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For making corn borer surveys, 
the state is divided into districts 
as shown here. Since the south- 
ern half of the state has not yet 
become heavily infested, the 
studies reported here were con- 
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Publications in the Bulletin series report the results of investigations made 
or sponsored by the Experiment Station 
REDUCTION OF CORN BORER NUMBERS 
FROM OCTOBER TO JUNE 
By J. H. Biccer and H. B. Perry’ 
HE EUROPEAN CORN BORER in recent years has se- 
verely damaged corn crops in the northern half of Illinois 
and is threatening an even larger area. Unless all known meas- 
ures of control are used, it will doubtless continue to be a hazard 
to [linois corn production. 
Farm and cultural practices constitute the most effective 
control of this pest, though weather, disease, parasites, and pred- 
ators help to keep its numbers down. The date of corn planting, 
the growing of borer-resistant hybrids, and the use of insecti- 
cides also affect the number of summer borers, but these influ- 
ences are not discussed here since this report deals only with 
what affects the overwintering population. 
This study was made to determine (1) just what farm and 
cultural practices destroy the most borers; and (2) what per- 
centage of borers disappear between October and June. No at- 
tempt was made to control farm practices or conditions. 
HISTORY AND PLAN OF SURVEYS 
The European corn borer? appeared first in Illinois in 1989. 
The first survey to determine borer numbers was made in 1941, 
and since that time periodic and systematic surveys have been 
conducted for the same purpose. These early surveys were run 
between mid-September and mid-October, and since 1942 have 
been made in essentially the same way. 
In 1942, 36 counties in the northern two-thirds of the state 
were selected for survey. These counties were chosen in order to 
get average conditions in each district where the borer was al- 
ready established (see map). Afterward other counties were oc- 
1Joun H. Biccer, Entomologist, Illinois Natural History Survey, and H. B. Perry, Assistant 
Professor of Entomology, College of Agriculture, and Extension Specialist in Entomology, Illinois 
Natural History Survey. 
2 Pyrausta nubilalis (Hbn.) 
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casionally included. In each county 10 fields selected at random?’ 
were examined and the number of borers per 100 stalks of corn 
recorded. The average borer population for county and district 
was then computed. 
Soon after the fall surveys were begun, it became apparent 
that a very large proportion of the borers died or disappeared 
during the winter and spring. Spring surveys were evidently 
needed to measure the death rate and find the reasons for it. The 
procedures finally used for making these spring surveys devel- 
oped over a period of years. Consequently none of the factors 
that might account for the death of borers was measured each 
year of the study. Moreover, studying borer numbers in years 
when the population was low was uneconomical and unproduc- 
tive. For these reasons complete spring records for all districts 
included in the various surveys are available for a few years only. 
As finally developed, these surveys included a systematic fall 
survey and, in those fields where borer numbers were relatively 
high, an early spring survey. This early spring survey was fol- 
lowed by a later survey in many of these same fields. The early 
spring survey was usually made in March after winter weather 
was thought to be over but before spring work in the fields began. 
The late spring survey was taken during May after seedbeds 
were prepared and oats had been sowed. 
When these studies began (1942), only the eastern counties 
of the state were heavily infested with borers; but numbers soon 
built up in the northern and central counties, and by 1947 there 
were sizable infestations in the western counties. 
The fall population of borers as shown by these surveys 
(Table 1) is the basis for determining the reductions in borer 
numbers that later took place. These fall surveys are limited to 
counts of living larvae; and only when such counts were avail- 
able for a county for nine of the ten years of the study were they 
included in the averages reported here. (The numbers shown in 
Table 1 do not entirely agree with earlier published reports be- 
cause in the earlier reports pupae and empty pupal cases were 
included as well as some other miscellaneous records. ) 
The data demonstrate the borer’s advance to the westward 
and the build-up of borer populations, particularly in the north- 
1JIn the general, not the statistical, sense. 
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western district (Table 1). The data also show marked daiffer- 
ences from year to year, as the various elements that affect borer 
mortality combined to exert their influences. (Conditions which 
affect the borer population between June 1 and October 1 are not 
included in the present report. ) 
CORN PICKERS, WEATHER, AND PASTURING 
REDUCED WINTER NUMBERS 
A study of the effects of the operation of corn pickers, of 
weather, pasturing, and some unmeasured influences on corn 
borer numbers indicates that combined these factors may be ex- 
pected to reduce the winter population of living borers about 77 
percent (Table 2). Unmeasured influences such as feeding of 
birds, destruction by predators, and other like forces appear to 
cause about a 15-percent reduction. This 15 percent is included 
in the 77-percent reduction. 
Table 2.— Reduction of Living Borers Between Fall and Early Spring 
Percent reduction by districts 
North- North- Weighted 
Season western eastern Western Central Eastern average 
1944-45 ......... 48.4 (622 ae nae 51.6 55.2 
1945-46........ 69.4 €E9 La? 72.9 75.4 73.2 
1946-47 ae ees 76.1 85.4 ie wae ae. iter: 
1947-48........ 82.3 water 64.8 90.6 65.3 Tous 
1948-49........ 16.3 68.8 69.7 83.2 See 74.8 
1949-50 ooo ie cues (ocd 75.4 87.5 71.1 84.9 76.5 
1950-5 aes 90.9 88.0 88.3 89.0 86.7 89.0 
195 1 D2 eae 91.8 mene 85.3 74.7 (Oat: 84.6 
Weighted 
average. ...<. ag) Via 76.8 78.6 78.3 76.9 
Though reduction varied in districts from year to year, the 
over-all reduction for the state was quite uniform, as this eight- 
year study shows. 
Weather. The number of borers that die during the winter 
because of weather varies. A spring count made in five seasons in 
some of the fields examined the previous fall showed that an 
average of about 16 percent of the borers found in the early 
spring were dead from natural causes: ; 
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Larvae dead, 
; Larvae natural Percent 
Spring alive causes dead 
A ae ee ihe aoe Sy. ie 96 15 14 
[AEA aie ee Oa OL 66 10 
es Deters ricci toe ee 618 110 15 
Beey ere ee ers ns 84. 65 44a 
Pe ede as choad 59 8 12 
Average............. 238 44 16 
(# At the time of the fall survey large numbers of worms were immature.) 
The death rate will be affected, however, by the condition of 
the larvae at the onset of winter, sudden and severe changes in 
temperature, snow cover at the time of such changes, weakness 
due to parasitism, and possibly other causes. 
Mechanical corn picking and pasturing. In 1949 corn pickers 
are believed to have reduced corn borer numbers about 36 per- 
cent. (The borers that may have been in the ears of corn that 
were cribbed are included in this average.) Though the effect of 
the pickers was surveyed in only one year, impressions gained 
from field observations over a long period indicate that this 
figure is probably low. 
The range in reduction, however, was very great, as the fol- 
lowing figures show, varying from 9 to 59 percent. 
Living larvae per square rod Inving larvae per square rod 
Percent Percent 
Ahead of After reduc- Ahead of = After reduc- 
Field picker picker tion Field picker picker tion 
i? reer 75 35 53 Oar idan ases 81 35 57 
PS, 2 on siege eae 272 158 42 f(A pais 537 332 38 
SP ke ae 413 291 30 Soe es 229 209 9 
C0 ASS eee 527 447 15 
Se oh x 585 241 59 Average.. 340 218 36 
Such variations as these may be accounted for by differences 
in the type of picker used or by the setting of the picker rolls. 
On the field where the reduction was only 9 percent, the stalks 
showed very little breakage. Where the stalks were severely 
crushed or mangled, fewer living borers were found. 
To determine the combined effect of corn picking plus differ- 
ent intensities of pasturing, some fields were rated for damage to 
stalks and the borer population measured. The effect of heavy 
pasturing proved similar to the effect of some corn picker opera- 
tions (compare following figures with results from picker alone). 
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Percent reduction 
Condition of stalks in borer numbers 
Standing and unpastured,’4 fields’... ... 2. 50a 67 
Pastured but not badly mashed, 24 fields................. 73 
Pastured and mashed,.9 fields... 2... 2 0... 50 ee 83 
Very heavily pastured and tramped, 3 fields.............. 88 
In the heavily pastured and tramped fields there was a no- 
ticeably greater reduction than in the unpastured fields, 88 per- 
cent compared with 67 percent. The eight-year average reduction 
between fall and early spring resulting from all causes was 77 
percent as an average for all fields surveyed in the northern 
two-thirds of the state (Table 2). 
Of the four standing and unpastured fields, two were mechan- 
ically picked and two hand-picked. Borer reduction on the me- 
chanically picked fields was 71 percent. The difference between 
the reduction on these two fields and on the 24 lightly pastured 
fields was thus only about 2 percentage points. 
SEEDBED PREPARATION GREATLY REDUCED 
SPRING NUMBERS 
Two widely different initial methods of seedbed preparation 
are in common use: disking stalk fields for small grain and 
plowing for row crops. Surveys made in six seasons showed that 
an average of about 37 percent of the stalk fields in northern 
Illinois were disked for small grain and about 64 percent were 
plowed. Results of these surveys are shown below. Apparently 
these proportions remain rather constant. 
Percent of fields disked or plowed 
1943 1944-1947 1950 Average 
Fields disked....... 35.4 42.7 32.5 37 
Fields plowed....... 64.6 57.3 67.5 63 
The over-all effect of seedbed preparation and later cultural 
practices on the borers that survived the winter was very great, 
as the following figures show: 
Percent of borer reduction from early to late spring in five districts 
Weighted 
Year Northwestern Northeastern Western Central Eastern average 
19465 cca 79.0 94.3 Pies 68.2 79.8 82 
O47 eee, fee Lad 77.5 aie Daa sae: 81 
1948 Frees 89.8 ae ae oe 90 
19505 86.9 82.6 86.0 92.5 71.8 86 
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Relation of feet of uncovered stalk to late spring borer numbers. 
To determine the relative effect of plowing and later cultural 
practices on borer populations, the amount of stalk left un- 
covered per square rod after these operations and the number of 
borers remaining above ground were recorded. As the amount of 
stalk that was left uncovered increased, so did the number 
of borers that survived, as the following data show. 
Number of borers found 
Feet of exposed stalk Percent 
Number of ee ae rod Per Per reduction 
areas ie square foot of Per from early 
examined Range Average rod stalk acre spring 
SO ePe a eto vc... 0-5 2.87 170 . 592 272 98.3 
sk oe 5-10 6.92 4.41 +. 637 706 95.6 
ME) 00) Se 10-15 13.00 4.56 351 730 95.4 
font oe 15-20 17.79 6.91 .388 1,106 93.1 
Ve eae 20-25 22.74 8.41 310 =1, 346 91.6 
io a 25-55 34.45 7.66 222 1,223 93.8 
The number of borers per foot of stalk was rather constant 
except where most of the stalks were thoroughly covered (less 
than 10 feet per square rod exposed). On the areas where the 
stalks were well covered, the borers had trouble finding protec- 
tion, and the few survivors had to concentrate in what little 
stalk remained on top of the ground. Where more stalks were 
exposed, the ratio would be expected to level off since the borers 
were not forced to concentrate. 
A more intensive study of the relation of borer numbers to 
amount of uncovered stalk was made on a poorly plowed field in 
central Illinois during the spring of 1950. The amount of stalk 
remaining in the different areas of this field varied greatly. Sixty- 
five areas were carefully examined, with the results shown below: 
Borers found 
Number of Feet of stalk per square rod ay ew SSI e ETE a pee 
areas ee Per square Per foot 
examined Range Average rod of stalk 
4) oso a 0-5 3.55 12.22 3.442 
Ds ooo eee 5-10 8.80 11.00 1.250 
Woo 8) re 10-15 14.14 31.43 2.223 
boo Lt Re 15-20 19.50 35.25 1.808 
S50 \ ee 20-25 23.50 57.50 2.447 
i i eo ss oc e's 25-30 28.86 90.00 3.119 
PEE ee hs ecb ke Ves 30-35 35.00 80.00 2.286 
2. Ok 35-40 36.65 92.78 2.532 
UL on. oy 40-60 52.45 93.27 1.778 
These borer numbers are relatively high, as might be ex- 
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pected from the fact that this field was poorly plowed. But here, 
as on the other fields just discussed, the numbers per foot of stalk 
were rather constant even though the number of records was 
small. More studies of this kind would probably even out the 
small irregularities that are shown. A significant correlation 
existed between feet of stalk and number of larvae. 
Some of the stalks were sorted, those that contained pith 
being separated from those that were mere shells or leaf frag- 
ments. The stalks containing pith were considered good cover; 
those that did not were considered poor. In 14 areas there was an 
average of 18 feet of good cover per square rod containing 45.5 
larvae. In the same areas there was an average of 8 feet of 
poor cover; this cover contained only 5.5 larvae. In other words, 
a little more than 90 percent of the larvae were in the good cover. 
Examination of another field where the stalks were disked 
but not plowed under confirmed these findings. Here, there were 
67 larvae to 134.5 feet of good cover per square rod and 15 larvae 
to 83.5 feet of poor cover. A little under 90 percent of the borers 
in this field were in the good cover. 
Effect of different kinds of plowing, and of disking. The data on 
pages 9 and 10 furnish the basis for classifying plowing as 
good when less than 10 linear feet of stalk per square rod are left 
on the ground; fair when 10 to 20 feet of stalk are left; and poor 
when 20 feet or more remain. A few fields rated excellent, only 
3 feet of stalk or less remaining uncovered, but there were not 
enough of them to justify using them for comparisons. Fair 
plowing left about three times as many stalks on the ground as 
good plowing, and poor plowing left about five times as many 
(Table 3). 
Though fair plowing left an average of twice as many borers 
on the ground as good plowing and poor plowing left about four 
times as many, the number was usually fewer than would be 
expected from the quantity of stalks that remained uncovered. 
Birds feeding on the borers and exposure to weather doubtless 
account for the loss of more borers where the stalks are exposed 
than where they are covered. 
Since the authors had no control over the treatment of the 
fields selected for late spring surveys, they are unable to say that 
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Table 3.— Effects of Spring Preparation of Fields on Borer Numbers 
Living borers per Reduction of 
ae square rod living borers 
Square stalk Fall Early 
rods per to spring 
Prepara- exam- = square Early Late late to late 
tion ined rod Fall spring spring spring _ spring 
1946 perct. perct. 
Good plowing.. 21 Do 261.7 57.0 2 99.9 99.7 
Fair plowing... 15 70 Zhies 63.2 1.8 99.4 Vie? 
Poor plowing... 12 34.1 267 .0 60.1 eal! 98.1 OES 
Dsl h ass. . 12 ae 266.5 9 0 ef fear: 89.8 70.3 
1947 
Good plowing.. 36 aL 25.0 55.8 Yoo 99.0 95.9 
Fair plowing... 12 10.1 184.8 22.2 7A f 98.5 87.8 
Poor plowing... 6 22.9 179.0 28.4 6.2 96.5 78.2 
DISKING 2... 16 eee 176.5 LN DNs! NS Pas Oh aah 65.2 
1948 
Good plowing... 9 a 328.0 abn 4 99.9 99.2 
Fair plowing... 10 16.6 254.0 32.6 6 99.8 98.2 
Bo a 13 ee 306.8 40.4 4.5 98.5 88.9 
1950 
Good plowing... 55 DAA 547.4 1385.2 Pog il 99.6 98.5 
Fair plowing... 35 1625 326.6 75.0 on 98.4 0542 
Poor plowing.. 25 24.3 532.4 140.7 Dbz 98.8 95.2 
PBEM G Ros: . 11 245.0 404.4 102.8 41.4 89.8 59.7 
Four-year weighted average 
Good plowing.. 121 ONT 51-7 82.1 LBZ 99.5 97.9 
Fair plowing... 72 15.5 271.5 53.0 3.4 98.8 93.6 
Poor plowing... 43 26.8 371.6 90.9 6.2 98.3 93.2 
105) <r 52 A ee 219.9 OSes ole) 90.5 69.4 
All plowing.... 236 12.6 330.1 74.5 3.0 99.1 96.0 
the number of borers and other conditions in the differently 
treated fields were definitely comparable. In three of the four 
years, however, the average number of borers per square rod in 
early spring on all fields that were later plowed, and on all fields 
later disked indicates that on the whole these fields were com- 
parable, the ratio of borers on the pre-plowed fields to those on 
the pre-disked fields being 45.3 to 45.1, 40.5 to 40.4, and 118.0 to 
102.8. The four-year average for all fields before they were 
plowed was 74.5 and for all fields before they were disked 68.6. 
As pointed out above, the cultivation practice most effective 
in reducing the number of borers that had survived to early 
spring was good plowing. Excellent plowing leaves uncovered 
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less than 5 feet of stalk per square rod. But plowing that left less 
than 10 feet of stalk per square rod reduced the number of borers 
about 98 percent (Table 3, last column). Though fair plowing 
did not destroy as many borers as good plowing, it did kill about 
93 percent of them, and it usually did a better job than poor 
plowing. The difference between the effect of fair plowing and of 
poor plowing, however, was negligible. 
Where small grain was seeded in disked stalks, the disking 
and seeding reduced the number of borers about 69 percent. The 
average of all plowing reduced the number of borers 96 percent, 
or 40 percent more than did disking. 
The extent to which the fall borer populations on these fields 
had shrunk by the time the borers were ready to reproduce the 
next spring is shown in the next to the last column in Table 3. 
For all fields examined under all conditions the disappearance 
during this period was about 97 percent (Table 4). 
Table 4.— Reduction of Living Borers During the Hibernating Period 
(All records for a given year were made on the same fields) 
Borers per square rod 
Early spring Late spring 
Reduc- Reduc- Reduc- 
Num- tion tion tion from 
ber in from from early 
Season fall Number fall Number fall spring 
perct. perct. perct. 
1946-46 ye Fas ae 257 42 71.6 73 11s 96 84 
1946-475 os oot wane 197.2 44.9 77 8.6 96 88 
1047 4S eee ia 270.1 34.9 873 3.6 99 962 
1949-50 t. 5 eevee 451.5 Liaeo 15 16.4 96 78 
Weighted average.. 296.5 66.1 78 LOSE 97 85 
® Records are from northwestern district only. 
Convincing as these data are, they do not reflect the full 
value of cultural practices in destroying corn borers. Continued 
working of a field reduces the numbers still further, for each time 
the soil is disturbed, more of the remaining pieces of exposed 
stalk are buried, and the borers on them are again forced to move 
on in search of shelter. With each migration further losses occur. 
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LATE SPRING NUMBERS PREDICTABLE FROM FALL SURVEYS 
The data derived from these studies make it possible to pre- 
dict, as soon as fall surveys of corn borer numbers are completed, 
the number of borers likely to survive in farmers’ fields to pro- 
duce the first generation of the next year. 
Assuming 10,000 corn plants per acre and one borer per plant 
before corn harvest in the fall, we may expect about 80 borers 
per acre on plowed ground the following spring and 760, or 9.5 
times as many, on disked ground (see four-year averages in 
Table 5). 
The above generalization is for an area and disregards differ- 
ences that will be found where fields have been plowed with 
different degrees of care as to stalk coverage, and the fall situa- 
tion with respect to corn picking and pasturing has varied. The 
effect of these differences is summarized on pages 10-12. 
On the basis of weighted ratios, 80 percent of the borers in a 
given community will be on the disked fields. 
Table 5.— Borers per Acre After Spring Preparation of Fields, 
as Related to Fall Population 
(Fall and spring surveys made on same fields) 
Larvae present in fall Larvae present in spring 
Per Per Number per acre 
square 100 Per for each larvae 
Fields rod plants acre per plant in fall 
1945-46 
All plowed fields............. 271 459 313 68 
42 Cl) 263 446 3,867 867 
1946-47 
All plowed fields............. 215 364 444 122 
Aroisked fields... ...6...... 176 298 2 , 362 793 
1947-48 
mipiowed fields.........:... 344 583 90 15 
mieusced pelds...2........:. 271 459 915 199 
1949-50 
Allsniowed fields.............. 473 801 640 80 
‘Alliisked fields.............. 402 681 6,618 972 
Four-year weighted average 
mupmiowea fields. .....)...2.+. 364 617 492 80 
PoUeCIskeG elds)... i... 2.20... 265 450 3,421 760 
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SUMMARY AND RECOMMENDED PRACTICES 
The effect of mechanical corn pickers, weather, the pasturing 
of stalk fields, and some unmeasured influences combined to de- 
stroy an average of about 77 percent of the winter borer popula- 
tion in the Illinois fields included in the surveys reported here. 
Spring seedbed preparation and later cultural practices killed 
an average of 81 to 86 percent of the borers that survived the 
winter. Plowing proved to be the most effective agent for the 
control of this pest. This is strikingly illustrated by the following 
figures: 
Assuming 10,000 Borers per Acre on October 1 (one per plant) 
and the Use of Recommended Practices 
There will remain after Will remain JUNE 1 after 
corn picking and pas- disking or good plowing 
turing of the stalks: and cultural practices 
that follow: 
Where stalks were 
slightly mangled... .. 3,300 borers: After disking. ........1,000 borers 
After good plowing.... 70O borers 
Where stalks showed 
average mangling. ...2,300 borers: After disking......... ZOO borers 
After good plowing.... 50 borers 
Where stalks were very 
badly mangled...... 1,200 borers: After disking......... 370 borers 
After good plowing.... 25 borers 
Thus where all the recommended practices for corn borer 
control are followed, including good plowing (plowing that leaves 
less than 10 feet of cornstalk per square rod uncovered), the 
number of borers remaining on June | will be negligible. 
The practices recommended for coping with the corn borer 
problem are these: 
Plow stalk fields for oats. To the general practice of disking 
these fields is due much of the continued threat of corn borer 
damage to Illinois corn crops. 
Keep corn-picker rolls tight. Corn pickers now kill about 36 
percent of the borers in a field. Tightening the rolls should in- 
crease that average to 45 to 50 percent. 
Pasture stalk fields heavily. This should be done wherever it 1s 
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economically feasible. Where the stalk fields surveyed were 
heavily pastured, 88 percent of the borers were destroyed, but 
only 67 percent were killed in the fields that were not pastured 
at all. 
While there is no experience to demonstrate that following 
these practices would do away entirely with crop losses from corn 
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